









































3ELECTIVE  CATALYTIC  ACTIVATION  AND  FUNCTIONALIZATION  OF 
METHANE  IN  PARTICULAR  AND  ALKANES  IN  GENERAL  TO  FORM 
USEFUL  ORGANIC  COMPOUNDS  CONSTITUTES  AN  IMPORTANT  AND 
CHALLENGING  PROBLEM  	  )T  IS  WELL  KNOWN  THAT  SATURATED 
HYDROCARBONS  ARE  VERY  INERT  UNDER  NORMAL  CONDITIONS  AND 
REACT  WITH  RADICALS  ONLY  BUT  THESE  PROCESSES  ARE  POORLY 
SELECTIVE  AND  ARE  INAPPROPRIATE  FOR  EFFECTIVE  PRACTICAL  USE 
3HILOV  WAS  THE  ½RST  TO  DEMONSTRATE  #(  BOND  ACTIVATION 








COMPOUNDS  ARE  PLATINATED  WITH  ;0T#L=







(OWEVER  ALKANE  FUNCTIONALIZATION  SYSTEMS  BASED  ON 
GOLD COMPLEXES ARE UNDEVELOPED SO FAR 3ELECTIVE OXIDATION 
OF  METHANE  TO  METHANOL  CATALYSED  WITH  #(  ACTIVATION  BY 
HOMOGENEOUS  CATIONIC  GOLD  HAS  BEEN  OBSERVED  	  !LSO 
ENZYMATIC  METHANE  OXIDATION  IN  THE  PRESENCE  OF  THE  !U
CONTAINING  SPECI½C .!$(  OXIDASE  FROM -ICROCOCCUS  LUTEUS 













4HE  PROCESS  IS  FURTHER  DEVELOPED  CATALYTICALLY  WITH  THE 
PARTICIPATION OF MOLECULAR OXYGEN 




INFORMATION  ON  THE  REACTION  MECHANISM  A  SPECIAL  STUDY 
IS REQUIRED





4HE  BASIS  SET  WITH  THE  3"+  PSEUDOPOTENTIAL  	  WAS 
USED  )N  THIS  PSEUDOPOTENTIAL  THE  OUTER  ELECTRON  SHELLS 
ARE  DESCRIBED  BY  THE  FOLLOWING  BASIS  SETS  (  ;=  # 




















4O  TEST  THE  ABILITY  OF  THESE  COMPLEXES  TO  REACT  WITH 
METHANE  THE  ENERGIES  AND  THE  STRUCTURES  OF  THE  INITIAL 
COMPOUNDS 2 2	 REACTION PRODUCTS 0 0	 AND TRANSITION 
STATES  43  43	  WERE  CALCULATED  4HE  ;!U/(	=
¯  AND 
;!U/#(	=
¯  ANIONS  IN  THE GROUND  STATE  !G	  LIKE OTHER D
 
TRANSITION  METAL  COMPLEXES  HAVE  SQUAREPLANAR  STRUCTURES 
























WITH  METHANE  HAS  A  LOW  ENERGY  BARRIER  AND  PROCEEDS 
THROUGH  THE  FORMATION  OF  AN  INTERMEDIATE  COMPLEX 
+EEPING  IN MIND  THESE  RESULTS WE CARRIED OUT  SIMULATION OF 
THE METHANE  #(  BOND  ACTIVATION  BY  GOLD  COMPLEXES WITH 
THE  OXYGENCONTAINING  LIGANDS  ;!U/(	=¯  ;!U/#(	=
¯ 
;!U/#/	/	=  ;!U(#//	=





!LL  CALCULATIONS  WERE  CARRIED  OUT  USING  DENSITY  FUNCTIONAL 

























SHORTER   OR   `  RESPECTIVELY  THE #( DISTANCES  ARE 
 OR  `	 /N THE OTHER HAND THE DISTANCES BETWEEN 
THE # AND !U ATOMS IN BOTH COMPLEXES ARE STILL LONG  AND 
  `	  4HE  RESULT  OF  QUANTUMCHEMICAL  SIMULATION  OF 
REACTIONS  	  AND  	  IS  PRESENTED  IN  THE  ENERGY  DIAGRAM 
&IGURE 	 4HE SUM OF THE ENERGIES OF REACTANTS WAS ASSUMED 
AS  THE  ZERO  LEVEL  !LTHOUGH  BOTH  REACTIONS  ARE  EXOTHERMIC 
 AND  KCALMOL	 THE ENERGY OF 43 AND 43  AND 
 KCALMOL	 ARE MUCH HIGHER 
3IMULATION  OF  THE  REACTION  OF  ;!U/#/	/	=
¯  ANION 
WITH METHANE











































































4HE  STRUCTURE OF  THE  TRANSITION  STATE  43	 CORRESPONDING  TO 
THE  REACTION  OF  METHANE  WITH  THE  ;!U/#/	/	=
¯ ANION  IS 
SHOWN  IN  &IGURE   4HE  TRANSITION  STATE  IS  ANALOGOUS  TO  43 
AND  43  AND  IT  IS  APPARENTLY  AT  AN  EARLY  STAGE  BECAUSE  THE 
DISTANCE BETWEEN THE # ATOM AND THE LEAVING ( ATOM  `	 
IS ONLY SLIGHTLY LONGER THAN THE #( BOND IN METHANE  `	 
4HE  REACTION  	  SEE  THE  ENERGY  DIAGRAM  IN  &IGURE  	  IS 





4HIS  COMPLEX  2	  IS  AN  ANALOGUE  OF  THE  GOLD)))	  DIFORMATE 
COMPLEX  WHICH  IS  KNOWN  TO  EXIST  4HE  CALCULATIONS 
DEMONSTRATED  THAT  IT  HAS  A  PLANAR  STRUCTURE  WITH  !U








!U#  AND /(  BONDS  ARE  FORMED  &IGURE  	  4HE  TRANSITION 
STATE 43 OF THE SUBSTITUTION REACTION 	 CAN BE SEEN TO BE 
AN EARLY STATE BECAUSE THE DISTANCE BETWEEN THE # ATOM AND 
THE  LEAVING ( ATOM  `	  IS ONLY SLIGHTLY  LONGER THAN THE 









SUCCEED  IN  ITS  FULL  OPTIMIZATION  !  NEW  REACTION  PATHWAY 
THROUGH  THE  TRANSFORMATION  OF  INTERMEDIATE  METHANE 
COMPLEXES  INTO  THE  CORRESPONDING  METHYL  COMPLEXES  HAS 
A  LOW  ENERGY  BARRIER  OF    KCALMOL  RELATIVE  TO  THE  INITIAL 












3IMULATION  OF  THE  REACTION  OF  ACETYLACETONATOGOLD 
COMPLEXES WITH METHANE
!CETYLACETONATO  ACAC	  IS  A  CLASSICAL  LIGAND  IN  COORDINATION 
CHEMISTRY 4HE CHEMISTRY OF ACAC COMPLEXES HAS MAINLY BEEN 
FOCUSED ON THEIR REACTIONS WITH ,EWIS BASES AND ELECTROPHILIC 
SUBSTITUTION  REACTIONS  GIVING  CARBON  SUBSTITUTED  ACAC 











7E  FOUND  THE  NEAR  RESEMBLANCE  BETWEEN  0  AND  0 









4HE  MOST  STABLE  PRODUCT  OF  ELECTROPHILIC  SUBSTITUTION  0 
&IGURE  	  HAS  AN  INTERESTING  FEATURE  !  HYDROGEN  ATOM 
BONDED  TO  AN  /ATOM  FROM  ACAC  LIGAND    `	  IS  ONLY  A 
VERY SHORT DISTANCE TO THE !U ATOM  `	 4HE RELAXATION 
OF THE 43 MEANS THAT REACTION 	 TAKES PLACE VIA METHANE 




4HE  ½RST  STEP  OF  #(  BOND  ACTIVATION  IN  METHANE  BY  A 
GOLD)	  COMPLEX  CAN  ALSO PROCEED  VIA  AN OXIDATIVE  ADDITION 




4HE  SIMULATION  OF  THIS  REACTION  DEMONSTRATES  THAT  IT  IS 
EXOTHERMIC    KCALMOL	  AND  HAS  A  LOW  ENERGY  BARRIER 














ABOUT  THE  MECHANISM  INFORMATION  ON  CORRESPONDING 
TRANSITION STATES IS NECESSARY  
#ONCLUSION
4O  SUMMARIZE  WE  HAVE  PERFORMED  QUANTUMCHEMICAL 
SIMULATION CALCULATIONS OF METHANE BOND ACTIVATION BY GOLD 






  "ASED  ON  THE  CALCULATED  STRUCTURES  OF 
THE  REACTANTS  THE  PRODUCTS  AND  THE  TRANSITION  STATES  HIGH 
ACTIVATION ENERGIES HIGHER THAN  KCALMOL	 WERE FOUND FOR 
THE REACTIONS OF METHANE WITH MOST OF THE COMPLEXES STUDIED 
EXCLUDING  THE  POSSIBILITY  OF  OCCURRENCE  OF  THESE  PROCESSES 
UNDER MILD CONDITIONS
/NLY  FOR  THE REACTION OF METHANE WITH  ;!U(#//	=
 AND 
;!U)ACAC	= COMPLEXES ARE  INTERMEDIATE METHANE COMPLEXES 
FORMED  AND  THESE  TRANSFORM  TO  THE  CORRESPONDING  METHYL 
COMPLEXES WITH A LOW ENERGY BARRIER
)N OUR OPINION THESE STUDIES OF METHANE ACTIVATION BY GOLD 
COMPLEXES OFFER NEW POSSIBILITIES  FOR  THE DESIGN OF  SYSTEMS 
FOR  THE  FUNCTIONALIZATION  OF  ALKANES  AND  INFORMATION  ABOUT 
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